We realize an elastic second-order topological insulator hosting both one-dimensional gapped edge states and zero-dimensional in-gap corner modes in the double-sided pillared phononic crystal plates with square lattice. Changing the width of two neighbor pillars breaks the inversion symmetry and induces the band inversion to emulate the quantum spin Hall effect where the gapless edge states are obtained. Further breaking the space-symmetry at interface, the gapless edge states are gapped and inducing the edge topological transitions and then giving rise to the zero-dimensional in-gap corner modes. Our work offers a novel way for elastic wave trapping and robustly guiding.
Abstract:
We realize an elastic second-order topological insulator hosting both one-dimensional gapped edge states and zero-dimensional in-gap corner modes in the double-sided pillared phononic crystal plates with square lattice. Changing the width of two neighbor pillars breaks the inversion symmetry and induces the band inversion to emulate the quantum spin Hall effect where the gapless edge states are obtained. Further breaking the space-symmetry at interface, the gapless edge states are gapped and inducing the edge topological transitions and then giving rise to the zero-dimensional in-gap corner modes. Our work offers a novel way for elastic wave trapping and robustly guiding. The discovery of the topological phases of matter has renewed our understanding of condensed matter physics due to its most fascinating property for the wave propagation with unique robustness to the defect and disorder. Driven by this discovery, a series of studies of topology are excavated from quantum electronics to classical bosonic systems, which include the photonic/phononic analogues of quantum Hall effect with broken time-reversal symmetry 1, 2) and quantum spin Hall effect (QHSE) with time-reversal invariants, [3] [4] [5] Floquet topological insulators by temporal modulation, 6, 7) topological valley states with broken spatial inversion symmetry. [8] [9] [10] [11] [12] Especially, with the rapid development of topological concepts, many revolutionary progresses have been made in technologies and applications, such as the superdirectional topological refraction antennas, 13, 14) programmable coding insulator, 15, 16) and on-chip integrated topological mechanical insulators. 17, 18) Recently, originated from the family of topological phases of matter, higher-order topological insulator [19] [20] [21] [22] featuring with the corner states has drawn tremendous interest because it provides a new avenue to confine the waves, which obeys an extended topological bulk-boundary correspondence principle. For example, the two-dimensional (2D) second-order topological insulators (TIs) exhibit the one-dimensional (1D) gapped edge states and zero-dimensional (0D) gapless corner states. These multidimensional 3 topological phase theories are first predicted for electronics 19, 20) and then experimentally verified in topological mechanical 23) and electromagnetic metamaterials 24) . Inspired by them, the higher-order topological states are experimentally observed in acoustic kagome tight-blinding lattice in which the corner modes just locate at the acute-angle. 25, 26) Meanwhile, another way to achieve the acoustic higher-order TIs was proposed by combining the crystalline symmetry of sonic crystals instead of the tight-blinding model where QSHE could be mimicked in square lattice. 27) The in-gap corner modes are formed based on the Jackiw-Rebbi soliton 28) mechanism, which shows the well confinement of second-order topological state at the right-angled corner.
The plate-mode wave propagation in phononic crystals (PnCs) has exhibited extraordinary behaviors, from complete band gap, 29) asymmetric transmission, 30) to negative refraction, which have promoted many exciting applications, such as elastic waveguides, diodes and sensors. Owing to the unique characteristic immune to the backscattering, the topological edge state of plate-mode wave has been extremely studied 11, 12, 17, 18, [31] [32] [33] [34] for the potential in reinforcing nondestructive testing, high sensitivity sensing and information processing. However, due to the complicated mechanism of Bragg scattering, hybridization and local resonance in the PnCs plate structures 35, 36) , three modes polarizations (shear horizontal, symmetrical and To split the four-fold degeneracy, we make the two neighbor pillars have different widths to break the inversion symmetry. For convenience, we 
